This study focuses on the community structure of aggregated bacteria in Lake Baikal and relationships with free-living bacteria. Fluorescent in situ hybridization (FISH) methods were used in samples of bacteria taken in April, 2001 . Bacterial counts of free-living bacteria by DAPI staining ranged from 0.2 Â 10 6 to 3.2 Â 10 6 cells AE ml
Introduction
Bacteria in lake ecosystems can be classified as free-living and attached. Aggregated bacteria are often larger, present in higher local concentrations and are more active on a per-cell basis than free-living bacteria in surrounding water (Griffith et al., 1994) . Higher specific exoenzyme activities have also been found with macroaggregates (Karner & Herndl, 1992) . Thus, they may have an important role in carbon cycling in aquatic ecosystems.
Recently, new molecular techniques such as fluorescent in situ hybridization (FISH) with group-specific fluorescent-labeled probes have been found to be simple and rapid ways to define bacterial communities (Wagner et al., 1993) . The main aim of this study is to show the community structure of aggregated bacteria in Lake Baikal and determine relationships with free-living bacteria. For this purpose, FISH method was applied to both categories of bacteria in southern Lake Baikal in April 2001, just after the seasonal thaw.
Materials and methods

Study site and sampling
The sampling station was located in Listvyanichny Bay, 2 km from Southern Baikal, Krestovaya. Samples were collected from 0, 10, 25, 50, 100, and 250 m depths with a Van-Dorn sampler. All samples were fixed with 4% paraformaldehyde solution, kept cool during transportation to the laboratory, and stored at 4°C.
Bacterial community analysis
Analyses of bacterial community were carried out with FISH (fluorescent in situ hybridization) method by using probes labeled with tetramethyl-rhodamine to target 16S and 23S rRNA. We used the EUB338 probe for domain bacteria, ALF1b probe for a-subclass, BET42A probe for b-subclass, GAM42a probe for c-subclass of Proteobacteria, CF probe for Cytophaga-Flavobacterium group and PLA probe for Plancktomycetales Manz et al., 1992) . Detailed methods are well described by Weiss et al. (1996) .
Results
Bacterial numbers
Counts of free-living bacteria were 3.1 Â 10 6 at the surface, 3.2 Â 10 6 cells ml )1 at 10 m, 1.0 Â 10 6 at 25 m and 1.3 Â 10 6 cells ml )1 at 50 m depth, respectively. Minimum number (0.2 Â 10 6 cells ml
) was at 250 m depth. Total free-living bacteria numbers decreased gradually with depth. In contrast, aggregated bacterial numbers increased with depth, ranging from 0.4 to 3.3 Â 10 4 cells ml
. Highest abundances were observed as 3.3 Â 10 4 cells ml )1 at 250 m (Fig. 1) .
Bacterial community analysis
Vertical distribution of community structure is shown in Figure 2 . The community of free-living bacteria at 0 m was very similar to that at 10 m. Proportions of b-and c-Proteobacteria ranged from 12.8 to 13.3% and from 22.5 to 23.1% at 0 and 10 m depths, respectively. The ratios of b-and c-Proteobacteria decreased at 25 m depth to 9.9 and 5.9%, respectively. These two groups decreased gradually with depth. The a-Proteobacteria, Cytophaga-Flavobacterium group and Plancktomycetales were in relatively low proportions, less than 5% between 0 and 50 m, but at 100 m depth a-Proteobacteria and Plancktomycetales slightly increased to 10.8 and 7.4%, respectively. Community densities of all groups were similar at 250 m depth, ranging from 1.8 to 6.5%. In most of our results, the proportion of unknown Eubacteria, which was not bound to any probes except EUB338, was in a high range from 30.2 to 44.4%, slightly increasing with depth (Fig. 2) . In the case of aggregated bacteria, the proportions of all the Eubacteria group ranged from 0.2 to 10.6% at 0 and 10 m depths, which were similar to those of free-living bacteria. At 25 m, ratios of b-and c-Proteobacteria increased to 14.3 and 14.1%, differing from proportions of free-living bacteria, whereas the Cytophaga-Flavobacterium group decreased to 2.2%. Interestingly, b-Proteobacteria drastically increased to 52% at 100 m depth. At 250 m depth, c-Proteobacteria dominated as 44%. These structures significantly differed from those of free-living bacteria. Ratios of unknown Eubacteria ranged from 9.1 to 26.3%, which were considerably lower than those of free-living bacteria (Fig. 3 ).
Discussion
The relationship between free-living and aggregated bacteria can be hypothesized as follows. First, the two types of bacterial community differ markedly, with no well-defined relationship between them. A second hypothesis is that freeliving bacteria occasionally attach to newly formed particles and proliferate on their surface, and later secondary invaders enter the microcolony. Most aquatic bacteria attach to non-biotic and dead particles with ''non-specific'' mechanisms, and with ''specific adhesion'' to living material (Bayer et al., 1996) . Also, on cellulose film, at early stage, bacteria randomly attach to it and detach by physical force, and at later stage, attached groups of bacteria are changed into other states. These preliminary observations suggest that aggregated bacteria may differ from free-living bacteria with respect to microbial colonization. Moreover, numbers and community structures were different.
The composition of a bacterial community can be influenced by a substratum it attaches to, by associated environmental conditions, by other biota -such as grazer and organic matter supplier and adhesion ability. Given this, community structure could be explained as follows. At 0-25 m depth, where chlorophyll a value was about 1.5-3.1 lg/l, the exudates from phytoplankton stimulate the pelagic bacteria. To living phytoplankton, the coupling bacteria (Sell, 1993) are attached by 'specific adhesion' mechanisms (Fletcher, 1996) , while to non-living and dead particles the bacteria attach reversibly. Among these reversibly attached bacterial communities, those aggregated bacteria become dominant that are functionally active (Vandevivere & Kirchman, 1993) . Below 50 m depth, in the virtual absence of phytoplankton, and where organic materials must derive from upper layers, numbers of free-living bacteria decrease and proportions of unknown Eubacteria group increase because of limitation of nutrient supply. But the aggregated bacterial communities are changed by ''specific adhesion'' of irreversibly attached bacteria.
In conclusion, the community structures of free-living and aggregated bacteria were very different with respect to rates of polymer hydrolysis, substrate uptake and assimilation, biomass production and predation. We suggest that such differences may result in considerably different roles for these communities in material and energy transfer in Lake Baikal.
